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FOREWORD

The Hybla Gold experiment was a low-yield nuclear event located in the
Ul2e.20 drift of the E-tunnel complex in Rainier Mesa, Nevada Test Site. The
event was detonated on November 1, 1977. The location of the Hybla Gold event
was unique in that it was situated near the expended Dining Car event, a low-
yield nuclear event detonated in the Ul2e.18 drift on May 4, 1975. The main
drift of the Hybla Gold complex passed within 3 m (10 ft) of the chimney
formed by the collapse of the Dining Car cavity. Thus, the Hybla Gold drift
mining enabled the most extensive examination of postshot effects near a
collapsed cavity since the Rainier event was detonated in 1957. Although the
Rainier event remains the most extensively visually documented postshot tunnel
reentry in the chimney region, measurements in the Hybla Gold drift complex
have added extensively to that experience.

This report comprises three chapters detailing the geologic, geophysical,
and in situ stress data gathered in the period January through June 1977, in
the course of mining and drilling in the Hybla Gold/Dining Car region. These
investigations confirm several observations reported previously for the
Rainier event, i.e., a zone of microfailure observable in thin-section and in
physical properties exists adjacent to the chimney. In addition, however, a
number of investigations add new information to our understanding of effects
near the detonation point. Shear waves were found to be highly diagnostic in
the microcracked zone near the chimney as well as of zones of failure at
greater range not discernible by other techniques. Extensive in situ stress
measurements made by the hydrofracture and overcore techniques indicate
changes in the orientation and magnitude of the pre-Dining Car stress field.
The hydrofracture technique further suggests pronounced gradients in minimum
stress magnitudes over short distances at some locations in the postshot
stress regime.

Finally, acknowledgment is made to the aid and encouragement of J. W.
LaComb of the Defense Nuclear Agency who provided the impetus, direction, and
much of the conceptual planning for these investigations.

R. D. Carroll
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GEOLOGIC INVESTIGATIONS

By
D. R. Townsend and M. J. Baldwin

ABSTRACT

The Hybla Gold experiment was conducted in the Ul2e.20 drifts of the E-
tunnel complex beneath the surface of Rainier Mesa at the Nevada Test Site.
Though the proximity of the Hybla Gold working point to the chimney of the
Dining Car event was important to the experiment, the observable geologic
effects from Dining Car on the Hybla Gold site were minor. Overburden above
the working point is approximately 385 m (1,263 ft). The pre-Tertiary
surface, probably quartzite, lies approximately 254 m (833 ft) below the
working point.

The drifts are mined in zeolitized ash-fall tuffs of tunnel bed 4,
subunits K and J, all of Miocene age. The working point is in subunit 4J.
Geologic structure in the region around the working point is not complex. The
Ul2e.20 main drift follows the axis of a shallow depositional syncline. A
northeast-dipping fault with displacement of approximately 3 m (10 ft) passes
within 15.2 m (50 ft) of the Hybla Gold working point. Three faults of
smaller displacement pass within 183-290 m (600-950 ft) of the working point,
and are antithetic to the 3-m (10-ft) fault.

Three exploratory holes were drilled to investigate the chimney of the
nearby Dining Car event. Four horizontal holes were drilled during the
construction of the Ul2e.20 drifts to investigate the geology of the Hybla

Gold working point.



INTRODUCTION

The Hybla Gold experiment was located in the Ul2e.20 drifts of the E-
tunnel complex, Rainier Mesa, Area 12, NTS (Nevada Test Site) (figs. 1, 2, 3;
pl. 1). The geometry of the Hybla Gold experiment and its proximity to the
Dining Car chimney were of major importance. For a summary of the geology of
the Dining Car (Ul2e.18) drifts, see Steele and others, 1978. The Hybla Gold
WP (working point) is approximately 83 ml (272 ft) east of the Dining Car WP.

The Hybla Gold WP is located at CS 4+452 in the main drift, at Nevada
State coordinates N. 270,554 m, E. 192,683 m, and at an elevation of 1,882 m
(6,175 ft). The water table in this area is at an elevation of approximately
1,524 m (5,000 ft), which corresponds to a depth below the WP of about 358 m
(1,175 ft). The U12e.20 main and auxiliary drifts begin in subunit K of
tunnel bed 4 of Tertiary age, and penetrate stratigraphically downsection to
subunit J of tunnel bed 4. The WP is located in subunit 4J. Seven
exploratory holes were drilled prior to and during the construction of the
Ul2e.20 drifts to evaluate the stratigraphy and structural geology of the
site. The drill holes also helped define the chimney of the nearby Dining Car
(U12e.18) experiment.

Acknowledgments

D. L. Hoover of the USGS (U.S. Geological Survey) directed the geologic
mapping. J. N. Morrison of F&S (Fenix & Scisson, Inc.), and S. G. Steele, F.
Maldonado, and E. C. Jenkins of the USGS assisted in mapping and compiling the
tunnel geology. F. M. Byers, Jr., and R. P. Snyder of the USGS mapped the

surface geology of Rainier Mesa. D. L. Healey, C. H. Miller, and F. E. Currey

170 convert meters to feet, multiply meter by 3.2808. s

2CS 4+45 refers to construction stations in the tunnel cqmﬁﬁ@% in
accordance with surveying practice, and is measured in English units. To
convert to meters, multiply foot by 0.3048.



115%4s8’

£.150 000 m

€500 000' €600 000 £700, 000"
1167 45’ X ¥ 118°00
37°30 T 30 JF* T T
N 300 000w
\ RAINIER
\\ l MESA
wh \ % i -+ 4
fenmg
N900000 [~ N 1
\ Area 12 5
\ ° N
NEVADA
TEST SITE
\
o
1
3700 + = N250000m
]
/ [=]
{ . o1 0
N800 000 [ BUFFER 20NE 8|z —
{ N w3
) /,' z ‘g’
i / e -
/ / .
1
7/ /]
‘l /
A )
| e LINCOLN CO.
) SO N A~~~ J ! 1 _umcownco |
{ N.R.D.A. CLARK CO.
4
i
1
\
1
!
{ -
‘\\_,/ _____
as'h + <
=]
feind
uf
700 000 [~ i —
Lothrop
weils
[ s 10 MILES
| e | ]
r g T T
° 0 5 KLOMETERS
100,000-400t grid based on Neveds State Ceordinate System,
- Cortval Zome
] n200 0c0om
3630 L 1
€200 000 ™

Figure 1.--Index map of the Nevada Test Site.



) l Y -
5 A\ %, 3
S  GOLD 59 G
o MEADOWS 58 "9, N\
S STOCK 82 N
| N 275 000m i ~
%
L— NS00 000 v i
\
/ vi2t
A |
7\"{
RAINIER N
Y
[
MESA Ui2n
- N890 000 I F -
: ul2b
Ul2e.20
L\ / Ul2e
Q ~
N 270 000m = ’ -
/
\/ ‘;\
%4 Ul2g
[ — N880 000 -
! K
0 5000 10000 FEET
6 ' AT'ISOO 2600 3600METERS

Figure 2.--Index map of Rainier Mesa showing location

4

of Ul2e tunnel complex.



*$34 Lp (PLO9 ©QAH) 02°9ZLN 9Y3 40 uorjedo| Buimoys xa|dwod |duun} dzZ|N $0 dew Xxapur---g unb iy

I T T T T T 1
mmw._.m_zooo_ Oom 0

] ]
/ N - WO000L2N
/ < e N
Ny
Vi ///
\K o9
o
U/
A
\
A0
ozcezin
aloy |j1p
| - pp}saboiy
® —WO0O0 122N
T T
woo0o ¥613 w000 €613 woo0 2613



of the USGS provided the gravity data used to construct the structural contour
map of the pre-Tertiary surface. The DNA (Defense Nuclear Agency) provided |
support for all geological investigations.

STRATIGRAPHY

Rainier Mesa is an erosional feature consisting of approximately 625 m
(2,050 ft) (in the region of E-tunnel) of Tertiary volcanic ash-fall and ash-
flow tuffs deposited on an irregular pre-Tertiary surface. The pre-Tertiary
rocks under the E-tunnel complex consist generally of quartzite on the west
and dolomite on the east. The general stratigraphy of Rainier Mesa is
presented on figure 4 and tunnel-level geology on figure 5.

The overburden above the U12e.20 WP is approximately 385 m (1,263 ft)
(figs. 6, 7). The stratigraphic units and their thicknesses, as estimated
from the UE12e#1 vertical drill hole and cross-section reconstructions, are as
follows: the Rainier Mesa Member of the Timber Mountain Tuff, 103.6 m (340
ft); the Paintbrush Tuff, 213.4 m (700 ft); the Grouse Canyon Member of the
Belted Range Tuff, 6.1 m (20 ft); tunnel bed 5, 21.3 m (70 ft); tunnel bed 4,
subunit K, 35.1 m (115 ft); and part of tunnel bed 4, subunit J, 6.1 m (20
ft).

The Hybla Gold WP is in tunnel bed 4, subunit J, and the cavity region
extends into subunit 4K. Subunit 4J is composed of massive calc-alkaline ash-
fall tuff with a few thin beds of peralkaline ash-fall tuff. Subunit 4K
consists of thick-bedded, zeolitized, peralkaline ash-fall tuff with beds of
calc-alkaline ash-fall tuff. See table 1 for mineralogical analyses of
samples from subunit 4J.

The pre-Tertiary surface lies approximately 254 m (833 ft) below the
Ul2e.20 WP (figs. 6, 7). The presence of Paleozoic quartzite in the
Hagestad-1 drill hole (fig. 3), about 564 m (1,850 ft) northwest of the WP,
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Eon/Era System Series Formation Member or unit and symbol

Timber Mountain Tuff Rainier Mesa Member Tmr
Paintbrush Tuff Tiva Canyon Member Tpcg Tp
Stockade Wash Tuff Tsw //

Bedded and ash-flow
tuffs of Area 20 Trab

Bedded tuff of Dead Horse Flat Tdhb =

Belted Range Tuff Grouse Canyon Member Tbg
Unit 5 Tt5
Cenozoic Tertiary Miocene Unit 4 Tt4
Era Tunnel beds Subunits AB, CD, E, F, G, H, J, K!
Unit 3 Tt3
Subunits A, BC, D2
Belted Range Tuff Tub Spring Member Tbt
Tunnel beds Unit 2 T2
Crater Flat Tuff Tcf \\\
Tunnel beds Unit T Ttl
Redrock Valley Tuff Trv
Older tuffs Tot
Paleocolluvium Tc
Mesozoic Quartz monzonite of
Era Cretaceous Gold Meadows stock Kqm //[
. Paleozoic rocks
Devo . ’
Paleozoic Si¥u:}22 undivided pz 3
Era Ordovicia )
Cambxggn n Wood Canyon Formation €Bw
P i
r°E§;°Z° ¢ Stirling Quartzite 3 e3

1K is the youngest.
2D is the youngest.
3In some drill holes, paleocolluvium of Tertiary age (Tc) rests on Paleozoic or Precambrian rocks.

Figure 4.--General stratigraphy of Rainier Mesa area, Nevada Test Site.
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(See fig. 4 for explanation of geologic unit symbols.)
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suggests that the pre-Tertiary surface below the WP is also quartzite
(fig. 8).
STRUCTURE

No significant structural features have been mapped in the vicinity of
the Hybla Gold SGZ (surface ground zero). A photo lineation trending north-
northwest is visible about 488 m (1,600 ft) west of SGZ, but field examination
revealed no evidence of a fault of other structure (fig. 9). An east-west-
trending monocline has been mapped approximately 114 m (375 ft) north of
SGZ. This feature is represented by a steepening of the dip of the Rainier
Mesa ash-flow tuff, and has been traced to a length of about 670 m (2,200
ft). Two possible origins are suggested for this feature: (1) the monocline
is the surface expression of deposition over an erosional feature; or (2) the
monocline is the expression of the end of an individual flow of the Rainier
Mesa ash-flow unit.

At tunnel level, the Ul2e.20 drifts penetrate a small northeast-trending
depositional syncline, the 1imbs of which dip 6°-7° (fig. 5). The Hybla Gold
main drift parallels the axis of the fold. Detailed mapping of the Hybla Gold
main drift showed a few small discontinuous fractures and faults (pl. 2).

Many of the fractures are of low angle énd show horizontal movement. These
fractures are probably shock-induced as a result of the nearby Dining Car
event. Few fractures were mapped in the auxiliary drift, possibly due to its
greater distance from the Dining Car WP.

A classification system developed to quantify fault characteristics,as
they relate to containment,is presented in table 2. No Class A faults cut the
Ul2e.20 drifts, but four faults have been mapped in nearby drifts and
exploratory drill holes. A1l four faults show normal displacements of less

than 3 m (10 ft) (fig. 5). The northwest-striking fault, which passes about

12
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Table 2.--Fault classification for tunnel sites

Class Description
A May have any or all of following characteristics:
1. Extends to surface.
2. Connects two tunnels (bypass tunnels are not included as a
second tunnel).
3. Displacement is more than 3 m (10 ft).
4. Fracture zone is 0.6 m (2 ft) wide or more at fault.
B May be changed to Class A with more information or mining. May
have one or more following characteristics:
1. Displacement is less than 3 m (10 ft).
2. Probable or known fault length is 61 m (200 ft) or more.
3. Fracture zone is 0.6 m (2 ft) wide or less and is not healed
or tightly filled.
C May be changed to Class A or B with more information. Must have

all of following characteristics:

1. Less than 1.5 m (5 ft) of displacement.

2. Probable or known fault length is 61 m (200 ft) or Tless.
3. No associated fracturing.

4. Fault is healed or tightly filled.

15



15.2 m (50 ft) northeast of the Ul2e.20 WP has been mapped in the Ul2e and
Ul2e.07 drifts, and identified in drill holes Ul2e.14 UG-10, Ul2e.20 HF-5, and
Ul2e.20 UG-2. The report on Dining Car geology (Steele and others, 1978)
reported this fault to be a reverse fault. Further investigation and
reinterpretation, however, showed that this fault is a normal fault. This
fault is classified as a Class A fault because it connects two tunnels. The
other three faults strike northeast and pass 183-290 m (600-950 ft) from the
Hybla Gold WP. These faults have been mapped in the Ul2e.07 drift, and the
fault nearest the Hybla Gold WP was seen in the Ul2e.14 UG-10 drill hole. A1l
three of these faults can be classified as Class C faults.

The pre-Tertiary surface below the Hybla Gold drifts is believed to be
cut by the CP thrust fault. The WP is west of the probable trace of the
thrust fault on the pre-Tertiary surface (fig. 8). Data on this fault are
scanty, but it is believed to trend north-northeast and is known not to extend
into the overlying tuffs (figs. 6, 7). The approximate shape of the pre-
Tertiary surface under the Ul2e.20 drifts slopes toward the south (figs. 6, 7,
8).

ENGINEERING GEOLOGY

The Hybla Gold main and auxiliary drifts penetrate zeolitized and
competent tuffs of tunnel bed 4, subunits K and J. The mappable effects of
the nearby Dining Car experiment on the Hybla Gold rocks were limited to
discontinuous fractures and faults (pl. 2). No continuous fractures were
observed which could be related to the Dining Car explosion. The tuff in the
Ul2e.20 drifts tended to disaggregate at the closest approach to the Dining
Car WP. Slabbing occurred in the main drift near CS 3+50. This slabbing may
have been the result of explosion-induced shock-1oading from the Dining Car

event. Standard ground support techniques, which included rock-bolting, wire
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mesh, and shotcrete, controlled these problems (Fenix & Scisson, Inc., written
commun., 1978). A study by Terra Tek, Inc., for the DNA (Butters and LaComb,

1980) was undertaken to examine material properties of rocks in the Hybla Gold
area both before and after the Dining Car event. Certain changes in physical
properties did occur, and the development of microfractures in conjunction
with the Dining Car explosion is postulated to be the cause of these
changes. Water encountered during the mining of the main and auxiliary drifts
was probably the result of down-dip flow of perched water toward the axis of
the syncline.

DRILL HOLES

No lengthy zones of incompetent rock were found in the nearby vertical
exploratory drill hole UE12e#1. Exploratory holes Ul2e.14 UG-10 and Ul2e.15
UG-2 were drilled before either Dining Car or Hybla Gold drifts were mined.
Drill hole Ul2e.14 UG-10 intersected two of the faults in the area of the
Hybla Gold WP. Drill hole Ul2e.15 UG-2 did not penetrate any of the faults
near the Hybla Gold WP, but did pass through the region of the Ul2e.20 main
and auxiliary drifts.

Drill holes Ul2e.18 DNRE-1 and Ul2e.18 DNRE-2 were drilled from tunnel
level into the Dining Car chimney, and the vertical hole Ul2e.18 PS-1 was
drilled from the surface (p1. 1; figs. 6, 7). Drill hole Ul2e.18 DNRE-1 was
drilled horizontally from the Ul12e.18 main drift reentry into the Dining Car
chimney. The boundaries of the chimney were mapped in the hole at 57.6-60.7 m
(189-199 ft), and 130.8-136.9 m (429-449 ft). Drill hole Ul2e.18 DNRE-2 was
drilled at a 30° angle up into the Dining Car chimney, and penetrated the
chimney at 65.5-67.1 m (215-220 ft). Drill hole Ul2e.18 PS-1 was drilled from
the surface of Rainier Mesa over the Dining Car WP into the chimney, which was
mapped at 171.6 m (563 ft) in the drill hole (S. G. Steele, written commun.,

1977).
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Four horizontal holes were drilled in the vicinity of the Hybla Gold
site. Exploratory holes Ul2e.20 UG-1, Ul2e.20 UG-2, and Ul2e.20 UG-3 were
drilled to aid geologic investigations, and drill hole Ul2e.20 HF-5 was
drilled for a hydrofracturing experiment. No faults were penetrated in drill
hole U12e.20 UG-1, which was drilled from the Ul2e.18 main drift reentry and
directed soﬁth of the Dining Car chimney area to a TD (total depth) of 157 m
(515 ft). Drill hole Ul2e.20 UG-2 was drilled from the Ul2e.18 main drift and
directed north of the Dining Car chimney to a TD of 124.4 m (408 ft). The
fault northwest of the Hybla Gold WP was penetrated in this hole. Drill hole
Ul2e.20 UG-3 was drilled along the alinement of the Ul2e.20 main drift to the
WP before the drift was mined. The Ul2e.20 HF-5 hole was drilled from the WP
northe :st to TD of 27.7 m (91 ft), and also intersected the fault seen in the
Ul2e.20 UG-2 drill hole (fig. 5, pl. 2).

SUMMARY

The Hybla Gold (Ul2e.20) drifts parallel the axis of a small depositional
syncline, and penetrate ash-fall tuffs of tunnel bed 4, subunits K and J. No
faults cross the experiment drifts. Four small-displacement normal faults
were mapped in drill holes.

The design of the Hybla Gold experiment required its siting near the
chimney of the Dining Car event. Detailed observations in the Hybla Gold
drifts showed that the mappable geologic effects of the Dining Car explosion
were limited to discontinuous faults and fractures; however, laboratory tests

revealed fracturing on a microscopic scale.
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GEOPHYSICAL INVESTIGATIONS

By
R. D. Carroll

ABSTRACT

The Hybla Gold tunnel complex passed within 3 m (10 ft) of the chimney
formed by the collapse of the Dining Car event. Geophysical surveys in the
chimney rubble and adjacent rock consisted of density, gamma-ray, caliper,
resistivity, seismic, and temperature surveys in horizontal and vertical drill
holes. Resistivity, magnetic, and shear- and compressional-wave seismic
surveys were obtained in the tunnels. No density contrast was noted between
chimney material and the tuff outside the chimney. The major changes in the
properties measured in situ occurred expectedly in the velocity, temperature,
and radioactivity of the chimney material. Outside the chimney the major
measured effect was on the in situ shear-wave velocity, which was reduced as
much as 50 percent of preshot values. This is about 2 1/2 times the percent
reduction in the associated compressional-wave velocity. In addition, the
postshot in situ shear velocities measured within the entire Hybla Gold
complex were lowered to the extent that they are less than any observed for
preshot experience in 15 other tunnels. The in situ shear-velocity data also
indicate a demarcation, reflected by a strong velocity discontinuity, between
tuff within about one chimney radius of the chimney boundary and the material
at greater ranges. This zone is also defined in comparisons of preshot and
postshot core velocities. Changes in the core velocity at greater ranges are
not generally observed. The core velocities are consistently higher than in

situ data throughout the entire complex.
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The in situ shear-velocity data are believed to reflect two zones outside
the chimney. An inner zone of microfailure, or pervasive failure of the tuff
matrix due to shock loading, and a zone of macrofailure due to failure along
joints, bedding planes, and occasional new fractures. The difference in the
ability of the laboratory and in situ techniques to sample these mechanisms is
the main reason for the observed differences in velocity.

The in situ shear velocity data also suggest that the zone of
macrofailure includes the entire Hybla Gold drift complex and extends to a
range of greater than three chimney radii from the WP which was the 1imit of
the postshot seismic surveys. Thus, the shear velocity appears to be a highly
diagnostic measurement in terms of defining the range of effects of nuclear
explosions.

INTRODUCTION

Geophysical Togging and seismic surveys were made in connection with the
Hybla Gold event (Ul2e.20 drift) in order to characterize the rock properties
in the vicinity. Geophysical investigations in vertical and horizontal drill
holes and tunnel seismic studies made in the vicinity of and prior to Dining
Car (Ul2e.18 drift) have been previously reported (Carroll and Cunningham,
1978). Data pertinent to comparisons with Hybla Gold are included in this
report. Geophysical studies were made in both horizontal and vertical holes
drilled into the Dining Car chimney prior to the mining of the Hybla Gold
tunnel complex. The purpose of the studies was to investigate the properties
of the rock in and near the cavity and chimney formed by the Dining Car
event. After mining of the Hybla Gold complex, seismic, resistivity, and
magnetic surveys were made in the tunnel and in boreholes to further define
the bulk properties of the rock surrounding the chimney. A summary of the

geophysical investigations is Tisted in table 3. With the exception of
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Table 3.--Summary of geophysical data obtained in connection with the

Hybla Gold event

Drill holes

Hole designation

Geophysical logs

Logging organization

Ul2e.18 PS-1 Density, gamma-ray/neutron, Birdwell
caliper, geophone survey

Ul12e.20 UG-1 %g?ma-ray (2), caliper, temperature Birdwell
Geophone survey USGS

U12e.20 UG-2 Gamma-ray, caliper, temperature Birdwell
Geophone survey USGS

U12e.18 DNRE-1 Gamma-ray, caliper, temperature Birdwell
Gamma-ray, density, geophone survey USGS

Ul2e.18 DNRE-2 None ---

U12e.20 HF-5 Resistivity, geophone survey USGS

Tunnel
Tunnel station Geophysical survey
CS 1484 - 4426 (main drift) Shear- and compressional-wave velocity

CS 1+64 - 4+28 (main drift)

survey

CS 0+76T! - 4+05 (main drift) Resistivity

CS 2+00 - 4+20 (auxiliary drift)

Magnetic field intensity and inclination

Shear- and compressional-wave survey

lnTh pefers to station in tail drift (p1. 1).
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Ul2e.18 PS-1, which was drilled into the chimney from the surface of Rainier
Mesa, all of the holes listed in table 3 were drilled from tunnel level.
Locations where geophysical surveys were made in the tunnel are shown on
plate 1.
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INVESTIGATIONS IN HOLES IN THE DINING CAR CHIMNEY AREA

The Tocations of the five holes (one vertical and four horizontal)
drilled in the vicinity of the Dining Car chimney prior to the mining of the
Hybla Gold drift complex are shown on plate 1. Three of these holes (PS-1,
DNRE-1, DNRE-2) directly penetrated the chimney region and the other two (UG-
1, UG-2) sampled the rock immediately adjacent. No geophysical measurements
were made in the U12e.18 DNRE-2 drill hole.

Ul2e.18 PS-1 Vertical Drill Hole

The Ul2e.18 PS-1 drill hole was drilled from the top of Rainier Mesa
directly above the postshot Dining Car WP to a depth of 196.6 m (635 ft),
penetrating the ash flow of the Rainier Mesa Member and bottoming in the
vitric Paintbrush Tuff. The geophysical logs obtained in the hole are shown
on figure 10 and the reduced density data are listed in table 4. The data on
figure 10 are digital reproductions, the digitization performed on 1.5-m (5-

ft) intervals. A velocity survey was obtained using an inhole geophone and a
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Table 4.--Values of specific gravity from density log--Ul2e.18 PS-1

Depth Specific
(feet) (neters) Gravity
.1250e 3 .o810e 2 .230Ce 1
L12CCe 3 .39¢2e 2 .2310%e
.1350e 3 JAhllbe 2 .2330e 1
J400e 3 JA2CTe 2 .2320%e 1
L1450e 3 Ab4lCe 2 .233%0e 1
LA1280e 5 JA4572e 2 .2350e 1
.1550e 3 hTzbe “ .2320e 1
.1¢CC0e 3 ALETGe 2 .2330e 1
.1€50e 3 .5029e 2 .2330e 1
.1700e 3 .21&1le 2 2240e ]
.1750e 3 .5334e 2 .2270e 1
.1800e 3 .54E06e 2 .2250e 1
.1860e 3 .5669%e 2 .22€0e 1
.19C0e 3 .57%1le 2 .2380e 1
.1960e 3 .5974e 2 .2350e 1
.2000e 3 .6006e 2 .2350e 1
.2050e 3 .8248e 2 .2360e 1
.2100e 3 .6400e 2 .2340e 1
.2150e 3 .6553e 2 .2360e 1
.2200e 3 .6705e 2 .2260e 1
.2250e 3 .6858e 2 .225%0e 1
.2300e 3 .7010e 2 .2230e 1
.2350e 3 .7162e 2 .223N0e 1
.2400e 3 .7315e 2 .2200e 1
.2450e 3 7467 2 .2240e 1
.2500e 3 .7620e 2 .2180e 1
.2550e 3 7772 2 .2220e 1
.2600e 3 .7924e 2 .21%0e 1
.2650e 3 .8077e 2 .2100e 1
.2700e 3 .822%e 2 .2180e ]
.2760e 3 .3412e 2 .2090e 1
.286C0e 3 .8534e 2 .1990e 1
.2860e 3 .8717e¢ 2 .1810e 1
.2900e 3 .883%e 2 .1680e 1
.2960e 3 .9022e 2 .1650e 1
.3010e 3 .9174e 2 .1620e 1
.3060e 3 .9326e 2 .1610e 1
.3100e 3 .9448e 2 .1580e 1
.3150e 3 .9601le 2 .1610e 1
.3200e 3 .9753e 2 .1600e 1
.3250e 3 .9906e 2 .1600e 1
.3300e 3 .1005e 3 .16G60e 1
.3350e 3 .1021e 3 .1610e 1
.3400e 3 .1036e 3 .1610e 1
.3450e 3 .1051e 3 .1610e 1
.3500e 3 .1066e 3 .1640e 1
.3560e 3 .1085e 3 .1540e 3
.3600e 3 .1097e 3 .1580e 1
.3650e 3 .J1112e 3 1670 1
.3690e 3 1124 3 .1730e 1
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Table 4.--Values of specific gravity from density
log--U12e.18 PS-1--Continued

Depth Specific

(feet) (neters) Gravitv
.3720e 3 .1133e 3 .1690e 1
3770e 3 .1149e 3 .1750e 1
.3830e 3 .1167e 3 .1680e 1
.3900e 3 .1188e 3 .1820e 1
.3960e 3 .1207e 3 .1760e 1
.4000e 3 .1219e 3 .1810e 1
.4050e 3 .1234e 3 .1730e 1
.4090e 3 J246e 3 .1770e 1
L4140 3 .1261e 3 .1680e 1
4170 3 .1271e 3 .1720e 1
.4200e 3 .1280e 3 .1660e 1
.4260e 3 ,1298e 3 ,1730e 1
.4300e 3 .1310e 3 .1770e 1
.4350e 3 .1325e 3 .1760e 1
.4410e 3 .1344e 3 .1560e 1
44640 3 .1353e 3 .1380e 1
4470e 3 .1362e 3 .1450e 1
.4500e 3 .1371e 3 .1390e 1
.4550e 3 .1386e 3 .1400e 1
.4600e 3 .1402e 3 .1380e 1
4640e 3 .1414e 3 .1390e 1
4700 3 .1432e 3 .1350e 1
.4730e 3 .1441e 3 .1360e 1
4780 3 .1456e 3 .1340e 1
.4820e 3 .1469e 3 .1380e 1
.4870e 3 .1484e 3 .1400e 1
.4930e 3 .1502e 3 .1450e 1
.4950e 3 .1508e 3 .1420e 1
.4980e 3 .1517e 3 .1580e 1
.5020e 3 .1530e 3 ,1480e 1
.5070e 3 .1545e 3 .1480e 1
.5110e 3 .1557e 3 .1350e 1
.5170e 3 .1575e 3 ,1600e 1
.5210e 3 .1588e 3 .1500e 1
.5240e 3 .1597e 3 ,1550e 1
.5280e 3 .1609e 3 .1700e 1
.5340e 3 .1627e 3 .1690e 1
.5380e 3 .163%9e 3 ,1600e 1
.5410e 3 .1648e 3 .1670e 1
.5460e 3 .1664e 3 .1530e 1
.54%0e 3 .1673e 3 .1690e -1
.5550e 3 ,1691e 3 .1640e 1
.55€0e 3 .1700e 3 .1680e 1
.5610e 3 .1709e 3 .1600e 1
.5640e 3 .1719e 3 .1670e 1
.6090e 3 .1856e 3 .14%90e 1
.6110e 3 .1862e 3 .1450e 1
.6150e 3 .1874e 3 .1550e 1
.6220e 3 .1895e 3 .1650e 1
.6290e 3 .1917e 3 .1700e 1
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Vibroseis3 surface source. The Vibroseis results are shown on figure 11 and
listed in table 5.

Core recoVery was lost in the hole at 171.6 m (563 ft). This is
coincident with excessive caving of the hole at 172.8 m (567 ft) indicated on
the caliper log, thus, defining this depth as the top of the chimney. The
tunnel-level elevation of Dining Car at 1,822.4 m (6,176 ft) places the top of
the chimney at 210.0 m (689 ft) above the Dining Car WP.

Except for the erratic behavior of the geophysical logs caused by caving
at the bottom of the hole, the log-derived properties are typical of the
undisturbed geologic setting. The welded to nonwelded transition in the
density of the Rainier Mesa Member at about 88.3 m (290 ft) is the only
significant excursion on the logs above the top of the chimney.

The decrease in velocity with depth recorded on the inhole velocity
survey reflects the effect of the high-velocity welded tuff of the Rainier
Mesa Member overlying the low-velocity friable Paintbrush Tuff.

Ul12e.18 DNRE-1, Ul12e.20 UG-1 and UG-2 Horizontal Drill Holes

0f the horizontal holes, only Ul2e.18 DNRE-1 was drilled directly into
the chimney from tunnel level (pl. 1). Both Ul2e.18 DNRE-1 and U12e.20 UG-2
produced water during logging. These holes were logged in February and March
1977, which was 22 months after the Dining Car event. The amplitudes of some
of the 1ogs have been suppressed on the figures to allow comparisons of all
logs on the same scale.

Gamma-ray Logs
The gamma-ray logs obtained by Birdwell in Ul2e.18 DNRE-1 and Ul2e.20

UG-2 holes are shown on figure 12. The 1og run in the chimney in hole DNRE-1

3yse of brand name is for descriptive purposes only and does not
necessarily constitute endorsement by the Geological Survey.
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Figure 11.--Results of Vibroseis survey in Ul2e.18 PS-1 hole.
(Data from Birdwell, Inc.)
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Table 5.--Birdwell interpretation of results of Vibroseis survey
obtained in U12e.18 PS-1

[To convert from feet to meters, multiply by 0.3048]

SEISMIC VELOCITY SURVEY

Depth Grade of Time Va2 Vi3
(ft) arrivall (s) (m/s) (m/s)
1,686

125 p 0.0226 1,686
2,117

150 F .0262 1,745
2,177

175 F .0297 1,796
3,175

200 p .0321 1,899
3,313

225 P .0344 1,994
1,859

250 G .0385 1,979
2,381

275 G .0417 2,010
2,458

300 G .0448 2,041
1,524

325 G .0498 1,989
2,458

350 F .0529 2,017
] ,249

375 G .0590 1,937
1,905

400 G .0630 1,935
1,494

425 G .0681 1,902
1,088

450 F .0751 1,826
1,270

475 F .0811 1,785
1,088

500 G .0881 1,730
1,249

525 G .0942 1,699
1,524

550 G .0992 1,690
1,905

575 P .1032 1,698

600 ? —-- -
663

625 P .1262 1,509

1G=good, F=fair, P=poor.
2Va=average velocity.
3Vi=interval velocity.
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DEPTH, IN METERS

GAMMA-RAY

(kilocounts/ (kilocounts/
minute) minute)
0,00 400.00 0.00 400,00
0.00
20.00
40.00 41
60.00
20.00 1
1
L 1} -
-t =
B
100.00 H
' 4
120.00-_
-
140.00
160.00
180.00
Ul12e.20, UG-1 Ul2e.18, DNRE-1 Ul2e.20, UG-2

Figure 12.--Gamma-ray logs obtained in three horizontal holes in
the Dining Car chimney area.
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was a high-intensity log and is thus quite insensitive to low-level gamma
activity. No scale is available for that log. The far edge of the chimney
may be noted by the excursions on the log centered at 135 m (443 ft). Because
of the insensitivity of the log the near edge of the chimney cannot be
defined. A gamma-ray log (fig. 13) was also run through the near boundary of
the chimney by the USGS in order to ascertain the background effects of
radiation prior to running a density log in this hole. The near boundary of
the chimney may be defined from this log by noting the change in radiation
level near 58 m (190 ft).

The log run in the UG-2 hole is difficult to evaluate because it was run
inside the drill string. Consequently, the shielding effects of the drill
steel on the count rate result in a lower value than would be found in an open
hole. Because the gamma-ray tool used in this hole is similar to the one used
in the UE12e#1 vertical hole (Carroll and Cunningham, 1978), some direct
comparisons with normal background can be made. The UEl12e#l log indicates a
5-6 kilocounts/min count rate in the tunnel beds of interest with about a
1 kilocount/min reduction in the count rate in the casing at the surface.

This suggests that the log run in the UG-2 drill hole recorded a radiation
level essentially at the background level for the tuff.

The gamma-ray log from the UG-1 drill hole indicates a count rate above
background, particularly in the vicinity of the drifts associated with the
side pipe experiment on the Dining Car event.

Temperature Logs

The temperature logs from the three drill holes in and near the chimney
are reproduced on figure 14. The maximum reading in the chimney was about
60°C (141°F). Normal rock temperature in the tunnel beds as determined by the

author by monitoring thermistors anchored 12.2 m (40 ft) in the wall in the
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Figure 13.--Gamma-ray log obtained by USGS in portion of chimney in
Ul2e.18 DNRE-1 drill hole.
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DEPTH, IN METERS

TEMPERATURE
(°F)
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"2e.20, UG-1 U12e.18, DNRE-1 Ul2e.20, UG-2

Figure 14.--Temperature logs obtained in three horizontal

holes in the Dining Car chimney area.
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U12n.07 tunnel is 20°C (68°F). It is apparent that the rock in the UG-2 drill
hole is essentially at normal temperature. The maximum temperature recorded
in the UG-1 hole is about 39°C (103°F). The water flowing into the holes at
the time of logging makes the significance of highs and lows difficult to
assess. The maximum temperature in the UG-1 hole is Tocated beyond the
preshot location of the side pipe drift. The absence of anomalous
temperatures in the UG-2 hole indicates asymmetry in the isotherms produced by
the Dining Car event with respect to the WP, a condition which might be
expected given the preshot geometry of the experimental drifts near the
device.

Caliper Logs

The caliper logs obtained in the three holes in the chimney region are
shown on figure 15. The logs all show deterioration of the holes. This does
not appear to be a function of proximity to the chimney.

Density Log

A density 1og was run by the USGS in the DNRE-1 drill hole in an attempt
to determine density contrasts in the chimney area. A dual detection density
probe was run in the interval 14.9-95.7 m (49-314 ft). The data were obtained
on discrete stations at 1.5-m (5-ft) intervals. The stations and values are
listed in table 6.

To insure that radiation background did not affect the log, a 1og was run
without the CS-137 gamma-ray source (fig. 13) and corrections were made where
necessary to obtain the density.

The density log was obtained by pushing the tool inside NQ drill rod and
out into the open hole using water pipe. A special sub was fabricated to
replace the standard NQ drill bit in order to accommodate the tool diameter

(5.4 cm). Density measurements were then made as the drill rod was pulled out
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DEPTH, IN METERS

CALIPER
(cm)
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gure 15.--Caliper Togs obtained in three horizontal
holes in the Dining Car chimney area.
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Table 6.--Density values obtained in Ul2e.18,
DNRE-1 drill hole

[To convert from meters to feet, multiply by 3.2808]

Depth Density

(meters) (Mg/m3)
.1493e 2 .1010e 1
1645 2 .1930e 1
.1798e 2 .1820e 1
.1950e 2 .1840e 1
.2102e 2 .1900e 1
.2255e 2 .1850e 1
2407e 2 .1750e 1
.256Ce 2 .1825e 1
.2712e 2 .1780e 1
.2865e 2 .1800e 1
.3017e 2 .1805e 1
.316%e 2 .1930e 1
.3322e 2 .1880e 1
3474e 2 .1860e 1
.3627e 2 .1885e 1
.377%e 2 .1900e 1
.3931le 2 .1815e 1
L408b4e 2 .1845e 1
4236 2 .1865e 1
.438%e 2 .1835e 1
.4541e 2 .1880e 1
4846 2 .1825e 1
.5151e 2 .1870e 1
.5455e 2 .1800e 1
.5608e 2 .1840e 1
.5760e 2 .1785e 1
.5913e 2 .193Ce 1
.6065e 2 .1860e 1
.6217e 2 .1800e 1
.6370e 2 .1890e 1
.6522e 2 .1800e 1
.6675e 2 .1910e 1
.6827e 2 .1620e 1
.697%e 2 .1770e 1
.7132e 2 .1700e 1
.7284e 2 .1870e 1
.7437e 2 .1830e 1
.758%e 2 .1830e 1
.7741e 2 -

.789%4e 2 ——

.8046e 2 .1940e 1
.8199e 2 .1820e 1
.8351le 2 .1860e 1
.8503e 2 .1850e 1
.3656e 2 .1920e 1
.8808e 2 +1950e 1
.8961le 2 .1850e 1
.9113e 2 .1790e 1
9265e 2 .1700e 1
.9418e 2 .1850e 1
.9570e 2 .1780e 1
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of the hole. At each station the tool was rotated 360° in 90° increments to
obtain a minimum count rate. This was presumed to be equivalent to the
minimum gap between the tool and the rock. The data were then reduced by
applying a rib-and-spine algorithm for the two detector readings. The reduced
data are shown graphically on figure 16. The values on the figure represent
averages for the data inside and outside the chimney. The data in the chimney
suggest a slightly higher geologic noise level; however, there is no
measurable density contrast between the material inside and outside the
chimney.
Geophone Surveys

Prior to any discussion of seismic measurements it is advisable to
establish some basis for comparison of the postshot velocity data. This is
done in table 7 where the average shear and compressional velocities
representative of core and in situ values obtained prior to the Dining Car
event are listed. Average values for core were obtained from measurements
made on samples from tunnel beds 4J and 4K taken from three pre-Dining Car
exploratory holes (Carroll and Cunningham, 1978). Two of these holes, Ul2e.14
UG-10 and Ul2e.15 UG-2, are shown on plate 1. The other hole was a vertical
exploratory hole, UE12e#1. The core measurements were made by Terra Tek,
Inc. The in situ seismic data listed in the table are the average of the
seismic velocities obtained preshot from the seismic surveys nearest the
Dining Car WP (fig. 17). The standard deviations of velocity listed in this

report are one standard error of the slope of the time-distance plot.
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DENSITY, IN MEGAGRAMS/CUBIC METERS

DEPTH, IN METERS

1.00 1.50 2.00
100.00 +
/
90.00 1 +
80,00 + 4+ 1.83
/ +.08
/
70.00 + 4
60.00 T 4
-\
—
1.84
50.00 1 4 +.07
40.00 +
1.84
+.05
30.00 1 +
20.00 + +
10.00 % +
0.1n0 +

Figure 16.--Density obtained from geophysical log in
UT2e.18 DNRE-1 drill hole.
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Table 7.--Averages of core and seismic velocities obtained prior
to the Dining Car event

Compressional velocity Shear velocity
(m/s) (m/s)
Core 2,710 (49 samples) 1,350 (46 samples)
Seismic 2,590 1,250

The 4 percent difference in the preshot compressional velocities listed
in the table is not significant. In addition, the compressional velocities
showed no change on seismic surveys obtained after a 3-month period. The
difference of 7 percent in the average shear velocities might be argued to
suggest that there was some effect of bulk fracturing on the in situ shear
data in the preshot survey. Such effects would of course not be observable in
core measurements. The small differences in the preshot velocities between
the two techniques makes the site an ideal one for pre- and postshot velocity
comparisons. Large differences between velocities measured by the two
techniques have occasionally been observed at other tunnel locations.

Core sampling was somewhat restricted in the postshot drilling because of
cohesion problems with samples near the chimney. However, where sufficient
core was available postshot we have an alternate method for comparison.

Using core velocities one may construct a hypothetical seismic survey by
integrating the times obtained from the velocity of the core. This was done

with the core in three holes using the following relationship:

. =£N_d(n);ld(n-1) )
n=1 n

where T is the total time of travel of a shear or compressional wave down the

borehole to a depth d(n) of a core sample, V, is the velocity of the core
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sample, d(n-1) is the depth to the previous core point, and N is the total
number of samples to the depth of interest. The core velocities were obtained
from Terra-Tek, Inc. (Gardiner and others, 1977). Hypothetical seismic
traveltime plots obtained from this procedure are shown in this report for the
three holes for which data are considered adequate--U12e.20 UG-2, Ul2e.20 UG-
3, and Ul2e.20 HF-5 (pl1. 1).

Measurements of shear and compressional velocity were made at 11- to 12-m
(36- to 40-ft) intervals in the three chimney area holes by fabricating a
probe containing a geophone and preamp. The locations of the geophone
stations are shown on plate 1. In the DNRE-1 hole, data were obtained by
pumping the probe out of the bit and measuring at discrete intervals while
"ringing the drill rod out of the hole. In the UG-1 and UG-2 holes, the probe
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